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Abstract.- The relict dace, Relictus solitarius, represents the only genus and species of fish native to Ruby
Butte, Goshute, and Steptoe valleys in northeastern Nevada. In their natural habitats temperature ranges 0-25 C and
salinity 175-1,158 nig/liter. The upper median thermal tolerance limit (96-hr TL50) of Butte Valley relict dace was
30.6 C when acclimated at 18-20 C. Relict dace tolerated total dissolved solids (TDS) of 11 043 mg/liter with no
mortality during 96-hr exposures, but experienced 100 percent mortality at concentrations of 15 759 mg/liter with amean resistance time of 23 hours. Tolerance of relict dace to 30 C was lowered as TDS was increased from 2 845 to
5,652 mg/hter. The Butte Valley fish were slightly more resistant to elevated salinities than the Goshute Valley
sample, and conversely the Goshute Valley sample may be slightly more resistant to elevated temperature

The relict dace, Relictus solitarius, is listed

as "of special concern" by the Endangered
Species Committee of the American Fisheries

Society (Deacon et al. 1979). However, it was
recently taken off the State of Nevada's pro-
tected species list.

Before the present study there were no
quantitative data on the habitat requirements
of relict dace. The purpose of this research
was to determine a provisional upper lethal

temperature limit (96-hr TL50), and to con-
duct range finding tests on the total dissolved
solids (TDS) tolerance of this unique fish.

Relict dace apparently evolved during the
past 1.5 to 2.0 million years in the contiguous
drainage basins of pluvial lakes Franklin,
Gale, Waring, and Steptoe just south of the
conjoining parts of the Lahontan and Bonne-
ville basins (Hubbs et al. 1974). As these
Pleistocene lakes desiccated over the last

10,000 years, the relict dace was the only
genus and species of fish to survive in the
remnant springs of contemporary Ruby,
Butte, Goshute, and Steptoe valleys, which
comprise some 14,682 km2 in northeastern
Nevada. The species also occurs in Spring
Valley, where it is believed to be an in-

troduction (Fig. 1).

The taxon was first described by Hubbs
and Miller (1972) from extensive research
dating back to 1934. As well as being mor-
phologically distinct from its closest relatives,

Gila and Rhinichthys, this endemic cyprinid

is also unique in terms of genetics (Lugaski
1980) and geographical distribution (Smith
1978).

Relict dace was once the most abundant of
the four fish species native to the north cen-
tral Great Basin (Hubbs et al. 1974). The spe-
cies is losing populations and habitat (Hardy
1979), due to predation and competition by
exotic fish species, modification of natural
springs into stock ponds and irrigation chan-
nels, and groundwater mining.

Methods

Temperature and salinity bioassays were
conducted on relict dace from November
1980 to March 1981. Test fish were trans-

ported from their natural habitats in Ruby,
Butte, and Goshute valleys (Fig. 1) to the
Desert Research Institute (DRI) Bioresources
Center laboratory in Reno. Upon arrival at

DRI the fish were maintained in 425-liter

holding tanks a minimum of four days for ob-
servation of handling stress. During this time
the fish were acclimated at 18-20 C in de-

chlorinated Truckee River water prior to

testing.

Relict dace from three different sources
(Franklin Lake, Atwood Ranch, and Phalan
Spring) were tested for 96 hours over a tem-
perature range of 29.0 to 34.3 C. Two rep-
licates of five fish each were tested in static

19-liter aquaria for each treatment. The test

'Bioresources Center, Desert Research Institute. P.O. Box 60220, Reno, Nevada 89506.
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Another series of tests was performed to

evaluate salinity-temperature interactions,

utilizing only the Atwood Ranch Spring pop-
ulation. Pyramid Lake water (IX), and V2

Pyramid - V2 distilled water were utilized as

the test media for normal (~21-22 C) and
elevated (~30 C) temperatures. For all salin-

ity tests, Truckee River water (low TDS) was
used for controls. Electrical conductivity and
alkalinity determinations for each treatment
were determined by the DRI water chem-
istry lab, using standard analytical procedures
(APHA et al. 1975). TDS was determined by
summation of all measured constituents.

The total and mean weight of each group
of five test fish were determined (in water) to

the nearest 0.1 gram prior to testing. Dead
fish were immediately removed and pre-
served in 10 percent formalin; time of each
death was recorded. The criteria for death
were no opercular movements and no re-

sponse to touch. Statistical analyses were
conducted utilizing programs from SPSS (Nie
et al. 1975).

Results

Temperature

Range finding tests were conducted on rel-

ict dace from Franklin Lake in the Ruby Val-
ley. No mortality occurred at 29.0 C during
96 hours, and 100 percent mortality occurred

at 34.3 C within 27 hours (10 fish/test). More
definitive results were derived from the Butte
Valley (Atwood Ranch) population with four
replicate tests over a range of 30-31 C (Table
2). The 96-hr median tolerance limit (TL50)
for relict dace collected at the Atwood
Ranch Spring was 30.6 C.

Concurrent tests on relict dace from At-
wood Ranch and Phalan Spring at 30.7 C in-

dicated that the latter population may be
slightly more resistant to high temperatures.
The Phalan Spring population experienced
only 40 percent mortality at 30.7 C, but the
Atwood Ranch Spring fish suffered 80 per-
cent mortality. The higher temperature toler-

ance of the Phalan Spring population may be
due to the long-term physiological acclimati-
zation at 19.5-23 C compared to 16.5-21 C
at the Atwood Ranch Spring (Table 3).

TDS-Alkalinity

Relict dace tolerated total alkalinity
(HCO3 -I- C03=as CaCOa) and corresponding
TDS of 2,580 mg/liter and 11,043 mg/liter,
respectively, for 96 hours without experienc-
ing any mortality (Table 4). TDS levels of

15,759 and 20,475 mg/liter resulted in 100
percent mortality of both populations of rel-

ict dace tested. Analysis of variance illus-

trated a significant difference in resistance

times by concentrations (P< 0.001), fish pop-
ulation (P<0.05), and interaction between

"^f "'iL
'r^'"P^''a^"''e tolerance tests (96-hr) of Butte Valley relict dace (Relictus solitarius) conducted from No-

vember 1980 to March 1981 in dechlorinated Truckee River water at mean acclimation temperatures of 18-20 C
Sample size is five fish per test in replicate tests.

Mean test

temperature (C)

30.0

30.0

Control (21.6)

30.6

30.6

Control (22.7)

30.7

30.7

Control (21.3)

31.0

31.1

Control (21.7)

Mean chemical characteristics

Number
of

measurements

18

Fish

Dissolved
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the main effects (P< 0.001). An a-posteriori

comparison showed that the Butte Valley

(Atwood Ranch) fish were significantly more

resistant to concentrated alkaline-saline wa-

ters than the Goshute Valley (Phalan Spring)

population (P<0.05). The resistance of time

of Atwood Ranch fish was about twice that

of the Phalan Spring fish at both the 15,759

and 20,475 mg/liter levels (Table 5).

There exists an apparent interaction be-

tween temperature and salinity tolerances of

relict dace (Table 4). No mortality occurred

at low temperatures (21-22 C) over a range

of TDS from 157 to 5652 mg/liter. But at an

elevated temperature (30 C) differential mor-

tality occurred: 0, 20, and 60 percent at TDS
levels of 157, 2845, and 5652 mg/liter,

respectively.

Discussion

Temperature

Compared to other families of freshwater

fishes, the Cyprinidae generally occupy an

intermediate rank of upper thermal toler-

ance. Through acclimation, an upper lethal

temperature exceeding 30 C is achieved by

most cyprinids; at the highest tested acclima-

tion levels eight species ranged from 29.3

Table 3. Environmental characteristics of selected re

1981.

{Rhinichthijs atratiilus) to 38.6 C {Carrassius

auratus) (Brett 1956).

The upper lethal TL50 of 30.6 C herein

determined for relict dace acclimated at

18-20 C falls within the range exhibited by

other cyprinids. If the test fish were accli-

mated to higher temperatures, it is likely that

the upper lethal temperature would be sig-

nificantly greater.

The maximum water temperature I mea-

sured in a relict dace habitat was only 23 C;

however, Hubbs et al. (1974) recorded sum-

mer temperatures as high as 25 C. Different

populations of relict dace are subjected to a

wide variety of temperature regimes. Non-

thermal springs and shallow ponds may have

great daily and seasonal changes with mini-

mumtemperatures near freezing (e.g., Frank-

lin Lake). At the other end of the spectrum

are thermal springs that never vary more

than a few degrees in terms of diel, seasonal,

and annual, presumably over extremely long

time periods. For example, the head of Pha-

lan Spring exhibited less than a 1 C diel

change in February when air temperature

ranged from 7.5 to -9.0 C, and seasonal wa-

ter temperature variation was only about 3

C. In addition, there are various types of in-

termediate gradations with respect to the

temperature emanating from the springs and

lict dace, Relichis solitaritis, habitats, April 1980-February
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the changes that occur in the length of
streams and/ or depths of ponds.

Limited data exist on thermal tolerance
levels of cyprinid species inhabiting the
Great Basin. Speckled dace {Rhinichthys os-

culus) taken from intermittant Arizona
streams at < 25 C had ultimate incipient up-
per lethal levels of 33 C for juveniles and 32
C for adults (John 1964). The Borax Lake
chub, Gila boraxobiiis, is endemic to a ther-

mal lake in southeastern Oregon; the lake

typically exhibits temperatures of 29-32 C,
with extremes of 17-35 C (Williams and Wil-
liams 1980). Another cyprinid from the
northwestern Great Basin, the desert dace
(Eremichthys acros), is endemic to thermal
springs ranging from 18.5-40.5 C; this Ne-
vada species tolerated temperatures of 2-37
C in the laboratory when acclimated at 23 G
(Nyquist 1963). Virgin River spinedace {Le-

pidomedu moUipinis), native to the Golorado
River System, had a 14-hr upper lethal tem-
perature of 31.2-31.4 G when acclimated at

20 G (Espinosa and Deacon 1978).

In contrast, extensive research has been
done on the thermal requirements of Gypr-
inodontidae inhabiting the Death Valley re-

gion of the southern Great Basin. Pupfish
(Cyprinodon) acclimated at 10-20 G can tol-

erate temperatures of 39-40 G (Brown and
Feldmeth 1971, Otto and Gerking 1973,
Feldmeth et al. 1974).

Representatives of another cyprinodont
genus (Crenichthys) are remnants of Pluvial
river systems in the southeastern Great Basin.

Crenichthys baileyi inhabits springs in the
Moapa Valley at constant temperatures of
32.2 G (Kopec 1949). In the Moapa River C.
baileyi and Moapa cariacea (Gyprinidae) oc-
cupied habitats at temperatures of 27-32 G
and 19.5-32 G, respectively (Deacon and
Bradley 1972). Crenichthys baileyi and C. ne-
vadae live in various spring outflows in the
White River Valley and Railroad Valley, re-

spectively, at temperatures ranging from 21
to 37.3 G (Hubbs et al. 1967). At Lockes
Ranch spring complex C. nevadae were ob-
served at temperatures of 18.3-37.8 G (Baugh
and Brown 1980).

Although individuals may survive for short

periods of time at extremely high temper-
atures, the maximum constant temperature
occupied by a reproducing population of
desert fish is rarely greater than 35 G (Soltz

and Naiman 1978). This may be attributed to

the differential tolerance of various life

stages; e.g., Amargosa pupfish (Cyprinodon
nevadensis) juveniles are most tolerant of ex-

treme temperatures, with adults inter-

mediate, and eggs least tolerant (Shrode
1975, Shrode and Gerking 1977). The repro-
ductive tolerance range (<50 percent hatch)
of C. nevadensis was 24-30 G or one-seventh
the critical thermal tolerance range (Shrode

Table 4. Salinity tolerance tests (96 hr) of relict dace Relictus solitarius, conducted during December 1980 and
March 1981. The first series of bioassays tests interaction with temperature; the second series tests differences by fish
population. Sample size is five fish per test.
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and Gerking 1977). This example illustrates

that multiple criteria are necessary to estab-

lish the thermal requirements of a fish spe-

cies. Thus, the TL50 determined in this study

at a single acclimation regime is a useful

baseline datum but is not comprehensive.

TDS-Alkalinity

The relict dace has experienced a variable

environment during the past two million

years in the Great Basin. Numerous cycles of

Pluvial filling and interpluvial desiccation of

large Pleistocene lakes occurred. Con-
comitant changes in the salinity of the lacus-

trine habitats undoubtedly took place. The
variable content of TDS presumably has been

a factor of considerable importance in the

survival or extinction, and probably in the

speciation of the populations of endemic fish-

es (Hubbs et al. 1974). During the past 10,000

years the lacustrine habitats of the relict dace

have completely dried up and the species

persists in remnant springs. The vast reduc-

tion of surface water to isolated springs is the

outstanding feature of the habitats of native

fishes in the Great Basin (Hubbs et al. 1974).

The elevated salinity level that relict dace

tolerated (11,043 mg/liter TDS) is over six

times the maximum TDS level of any current

relict dace habitat measured. The corre-

sponding total alkalinity level (2,580

mg/liter) represents nearly three times that

in any current habitats. The spring habitats

are generally <250 mg/liter total alkalinity

and <500 mg/hter TDS (Table 3); the most

Table 5. Mean resistance time of Atwood Ranch (A)

and Phalan Spring (P) relict dace, Relicttts solitarius, to

highly alkaline-saline waters. Sample size is five fish per

test.
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the combination of temperature and salinity

was of basic physiological importance; the ef-

fects of a given temperature depend on the
salinity and vice versa. Similarly, when deal-

ing with the habitat requirements of relict

dace, the synergistic relationships of salinity

and temperature are important with respect
to their physiology and ecology.
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